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Theoretical Study on NLO Properties of TTF " "-11 Conjugated
Bridge-verdazyl Cation Diradicals
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(Institute of Functional Material Chemistry, Faculty of Chemistry, Northeast Normal University, Changchun 130024)

Abstract The stabilities, polarizabilities ¢, and the first hyperpolarizabilities S, for a series of TTF' -
n conjugated bridge-verdazyl cation diradicals were investigated by using the UPBE1PBE method combined
with the finite field (FF) approach. The results indicate that introducing conjugated bridges to TTF -
verdazyl cation diradicals results in the conjugation of systems increasing, and then the o, and g, values
increasing (except for the A, value of system 2S). The spin multiplicity and conformation both have in-
fluence on polarizability and the first hyperpolarizability. The polarizabilities of all systems decrease when
the diradical systems change from singlet into triplet, while the first hyperpolarizabilities increase obviously.

Taking the system 2 for example, the «, and g, values change slightly with conformation in singlet,

while the «, and g, values decrease with increasing of the dihedral angle #1 and 62 in triplet.

Keywords diradical system; spin multiplicity; NLO property; UPBE1PBE method

H 20 2l 60 FARBOCEAR HIL LR, AT R
P2 (NLOYRE R 78 CLUAS T EOR Rt el A
A NLO ZN M EHE G Yofifif. Jaehim i
PRSI AT T Z NPT ZEHHLNLO MR
T, AL n LR RZ B AT EE O R
BA SR I, Sgiitk, NLO REd KNIt Y
Th. SO A LTI AR, SR
B, BIANBESZARSE, wT LI NLO N HEAT IRy, 4

* E-mail: qiuyq466@nenu.edu.cn
Received September 23, 2011; accepted November 29, 2011.

K, HHIFFZ KRR NLO MRS s AT )
0%, A HLE BRI B T NLO 3G R
FRALEL Nakano WFZCAL0 1SSl 47 HL (04 R kAT
T 2GR T, (% ERELL RS
AN IZZE A R NLO ZR 50 F 520,

4K, Polo 25Ut R4 TTF -n JLHiHfF-1,5-
-6 420 D 80 P B85 700 11 K PO Tl P R 5 P SR AT T
g, IR TTF™ R — AN BT B L, GRS &

Project supported by the National Natural Science Foundation of China (No. 20873017), and the Natural Science Foundation of Jilin Province (No. 20101154).
165K B AR 2454 (No. 20873017) i AR4T H AR 249 B (No. 20101154) % 1) T H



108 %

Vol. 70, 2012

P, LR A, BHEAT RN NLO ReiE!s 20 51
BPUL ) 1,5- 2 -6 DU A i o L B
PESENE, NATTREXZE AR R A AT AP AH G
T 3SR P R 6,6'- 3,3
UKt S HAT AP RIR R NLO PEFTikAT
TR, RUNZRAEREAELF T NLO WM. Suponit-
sky PN HA D-n-A 5 R T RS,
PR T A FESLRE 5 5 AR SR, O
BT B o SLHOR AR R, HER AR AL 2R B
K. T UL ERFFCEE R, AR R TTF o ILHiE-6-
A DY S 25 180 B H S = E A AR A SR 2 — i
WA ATV, DR IR . B 2 E R Bo0)
NLO PR s2m, LAh s34k U0 R NLO A kH it
LR A

1 HFEESHERZ

PLTTF " -m JEHIF-1,5-— F 55 -6-420 DU B ZUBH 57 %L
A 2R A R, 2 18 044 AR r PR R P o (1 R A
PERE I/ B VE BT, AR R 1,5- 2 645 Y
AU 2 B SR AN SR AR (R 1),
R VR RGN 7 s (— A, ZART=A C=0),
JNTCFRCR, HEBE ) AT T T IR (LG, G e A0 Gy ) 4 3L 0
MR EIRR 2~10. FEMARA R ESS) I =HAR(T)

\ 4N*NH
3 N\ 0
N—NH

S\z
8%81\
!
3

N—NH
ST\ 2 4
S0 N o
S S N—NH
<L/S
5

H
~N

S . S \ N \[40
E )2 (A N AN NH
g S 1 | 3 N
=

PR RER A HEAS(K 1). PBEIPBE J5i%n] LA Ml
A A =R NS 1 N S A I IS I A NS |
UPBEI1PBE J757E 6-31+G**F: 4 KV FALAL A FR B
FEAMZEER U, HLLMKE HF ik, 4k
12 BRALE VST AR LR R G 2% R AR R 43 31 5 4 B A
FeZ R 7208 HF A4 bR 505 N LA 58 In — B R 2e vk
S R BN H L B3LYP 2B 20%[1 HF
A, F RGN g KR, HF A #e oK
K, WZ4kiZ i BHandHLYP (50%HF A 45073 211 8
fEMAEANESE, PBEIPBE 72 BA(25%M) HF AZ# )Xt g i
(KA S A A B0, A SR PBEIPBE J5 7206 R 51 B
BT A B T NLO PR AT, ZE4ibrg3)
FARRAE AR WS, 4560 R%FF) L,
TSR R IINACE TS — B AL 2y = AR
H Gaussian 09WEUFE ¥4,

FF J530:52 H i N TR 2 (v 54k 2 NLO &AW 77
PR A s g R, IR R % Taylor 2
KT O

E=E")— p.F— 0y F.F— By FoF, Fe— pu FF, FFr—-- (1)

R, & RRREGE B AT x, y Bz, E© AN
S TIIRER, FOWANRISLE | TSR, w A AR

N—NH

S\~ 2 2.
ARG
<\/s or °

2

S

o
N
ES "‘S\ 4N/%O
\ X, NH
s §1 3 N
6
§
S ./ ) Ho N
E?z/\ 2 NS NH

10

Bl 1 TTF -m SEHEHF-6- U DU BRI 51 X0 A B R LA 451

Figure 1 Geometrical structures of the TTF"-x conjugated bridge-verdazyl cation diradical systems
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Table 1 The relative energy E (kJ*mol "), bridge-linked bond length (nm) and dihedral angle (°) of the systems in singlet and triplet

System Singlet(S) Triplet(T)

E C(H—C(2) C(3)—CH#) o(1) E C(H—C(2) C3)—CH® o(1)
1 0 0.1463 0.1463 0.0 —0.230 0.1464 0.1464 0.0
2 0 0.1440 0.1454 0.0 —2.197 0.1443 0.1457 0.0
3 0 0.1434 0.1451 0.0 —2.908 0.1437 0.1454 0.0
4 0 0.1428 0.1449 0.0 —3.820 0.1431 0.1454 0.0
5 0 0.1461 0.1477 —338 —0.669 0.1462 0.1478 —34.9
6 0 0.1465 0.1480 —353 0.285 0.1465 0.1480 —34.6
7 0 0.1473 0.1485 0.0 0.368 0.1473 0.1485 0.0
8 0 0.1430 0.1454 —20.5 —1.674 0.1431 0.1456 —20.3
9 0 0.1430 0.1454 0.1 —1.602 0.1431 0.1456 0.0
10 0 0.1439 0.1458 20.7 —1.197 0.1440 0.1460 21.2
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Table 2 Polarizabilities a (10~ esu) of all systems in the different spin states

Singlet(S) Triplet(T)
System

Ol o, o.. o Ol o, o.. o

1 3.910 1.390 9.935 5.078 3.148 1.372 5.865 3.462

2 6.484 1.577 13.336 7.132 4.449 1.553 7.812 4.605

3 10.714 1.758 16.536 9.669 6.942 1.736 10.823 6.500

4 16.257 1.941 20.048 12.749 11.047 1.919 14.958 9.308

5 7.286 2.154 19.496 9.646 4.542 2.041 9.465 5.350

6 3.983 2.905 19.455 8.781 3.798 2.333 8.183 4.771

7 4.158 1.812 19.493 8.488 4.052 1.790 8.235 4.692

8 4.024 1.975 19.987 8.662 3.786 1.856 12.721 6.121

9 3.768 1.731 19.938 8.479 3.676 1.712 11.923 5.770

10 4.819 1.980 20.703 9.167 4.043 1.947 11.613 5.868

3 PHRRAR AR SRR g (10 esu)
Table 3 The first hyperpolarizabilities £ ( 107% esu) of all systems in the different spin states
System Singlet(S) Triplet(T)
Bs B, B Bt Bs B, B: Bt

1 1.488 0.161 20.480 20.535 20.101 0.000 —60.022 63.299
2 —4.034 0.265 14.473 15.027 140.838 —0.021 —286.252 319.023
3 —12.770  —0.422 31.279 33.788 508.500 —0.010 —786.077 936.213

4 —22451 —0.939 53.342 57.881 1112.735 —0.027 —1420.181 1804.192
5 —3.520 1.768 26.255 26.549 203.228 13.558 —485.603 526.590
6 —4.341 —0.293 39.687 39.924 22.454 10.337 —114.953 117.581
7 —6.005 —0.083 41.282 41.717 8.694 —0.006 —115.412 115.740
8 —7.150 —0.013 45.428 45.987 159.366 23.452 —757.128 774.076
9 —7.455 0.542 38.603 39.320 91.015 —2.405 —690.238 696.219
10 —7.048 —1.213 37.197 37.878 193.854 —3.671 —698.401 724.816
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Figure 2 The frontier molecular orbital composition of partial systems
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Figure 3 The relationship between the polarizability and first hyperpolarizability of the system 2 and dihedral angle in the different spin

states
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